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Dark matter indirect detection:
antiprotons and gamma rays

» Dark matter searches joint effort
= Indirect detection probes annihilation
= AMS-02: cosmic-ray precision era
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Dark matter indirect detection:
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» Dark matter searches joint effort :
| AMS antiprotons

= Indirect detection probes annihilation

= AMS-02: cosmic-ray precision era Il. Implications for
dark matter models
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. Feature in AMS antiprotons




Searches for dark matter in cosmic-rays
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D. Hooper, T. Linden, and P. Mertsch, JCAP 1503, 021;
V. Pettorino, G. Busoni,A. De Simone, E. Morgante, A.
Riotto, and W. Xue, JCAP 1410,078 (2014); M.
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= MIN/MED/MAX scenario: Large uncertainties
= Joint fit of propagation parameters using precise AMS-02 data
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)]
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Fit parameters: z},
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] Source term - primaries:

S 5 o 1 = Astrophysical Sources:

V - (Dgz VY — V) + 8_p 2Dpp8_pz? iI\:)RHOer Pulsars

Injection spectrum:

A R-¥1

Injection
-} Spectrum

AMS-02 requires individual
slopes for p, He!

Figures: Credit to Michael Korsmeier

Fit parameters: 2y, Y1i,p, V2,p, V1, 7V2; RO? S
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] = Astrophysical Sources

—
- =

o 1 = Diffusion

"opE? A

D,, = D, B (R/4GV)®

>
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XX

Diffusion
Constant

Figures: Credit to Michael Korsmeier

Fit parameters: z1,, V1,p, V2,0, 71, V2, Ro, 5, Do, 0
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] = Astrophysical Sources
dap 7T = Diffusion
ar = ‘ = Convection
" Winds perpendicular to

the galactic plane
V= vg, sign(z) e,
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Fit parameters: 2y, v1.p, Y2.p, 71, V2, £, s, Do, 0, Vo ¢
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] = Astrophysical Sources

.= Diffusion
} = Convection

m Reacceleration
Scattering off magnetic
clouds:

—

VAvaen

= Energy loss
e.g. synchrotron radiation
or ionization
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Fit parameters: 2, V1 .p, V2.0 71, V2, R0, S, Do, 0, Vo.cy VAlfen
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] = Astrophysical Sources

= Diffusion
= Convection

m Reacceleration
= Energy loss

= Fragmentation and decay

Loss for one species is
gain for the other

Secondaries:
(L, B, ...)

Figures: Credit to Michael Korsmeier

Fit parameters: 2, V1 .p, V2.0 71, V2, R0, S, Do, 0, Vo.cy VAlfen
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] = Astrophysical Sources

o o 1 = Diffusion

y V- (Dge VY = V) + 8_p 2Dpp8_pz¥ = Convection

m Reacceleration
= Energy loss

= Fragmentation and decay

= Additional primary
source for p:
Dark Matter!

Figures: Credit to Michael Korsmeier

Fit parameters: Zhys V1,ps V2,05 V15 V2, RO) S, D07 57 V0,cy VAlfen> <O-U>DM7 mpwMm
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Cosmic-ray propagation in the Galaxy

= Numerically solve diffusion equation:
[using Galprop (or Dragon)] = Astrophysical Sources

dw o o 1 = Diffusion
1 =q(z,p) + V- (Dzz VY — V) + Fppszpa_pg? = Convection

= Reacceleration
( b — —V V¢> _ iw _ lw = Energy loss
Tf Tr = Fragmentation and decay
= Dark Matter

0
~ Op

= Data:
« AMS-02: p, He,
[AMS 2015, 2016]

» CREAM: p, He
[Yoon et al. 201 | ]

» VOYAGER: p, He
[Stone et al. 201 3]

Figures: Credit to Michael Korsmeier

Jan Heisig (Aachen Unlver5|ty) - - 3 EPS 2017,Venice, July 7t



Cosmic-ray propagation in the Galaxy

Solar modulation: = Astrophysical Sources
= Diffusion

= Phenomenological description: ,
= Convection

force-field approximation .
= Reacceleration

= Our approach:

» Constrain local interstellar space (LIS)

flux directly by VOYAGER data
» Exclude data below 5 GV in the main fit

= Marginalized over ¢ans on-the-fly for = Data:

each GALPROP evaluation = AMS-02: p, He,
[AMS 2015,2016]

0 , — - LIS flux fitted to VOYAGER = CREAM: p, He

= N [Yoon et al. 201 1]
Modulated flux fitted to AMS “m’OYAGER: p"ﬁe .
_[Stone et al. 2013]

= Energy loss
= Fragmentation and decay
= Dark Matter

>
R

Figures: Credit to Michael Korsmeier

Fit parameters: zh, 71,p» ¥2,p» 715725 20, 5, Do, 0, V0 ¢, VAlfen, (0V) DM, MDM, (PAMS)
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Cosmic-ray fit results

For 100% annihilation into bb:

[Cuoco, Kramer, Korsmeier, 2017] s Not able to exclude

B A ) thermal cross section
around 50-100 GeV

= Fit prefers additional
antiprotons
(with a dark matter-like
injection spectrum)

[ILILE -

= |[mprovement:
—  Limit 65 x*/d.o.f. = 46/163 (71/165)

Bl 1-3c DM detection . .
Systematic uncertainty with (WlthOUt) DM

L1 |||||||2 L1 |||||||3 L1 |||||||4 N EEE : — FeatUI"e at 4.50'_|eve| (Iocal)
10 10 10 10

mpm [GeV] [see also Cui,Yuan, Tsai, Fan, 2017]

=
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Cosmic-ray fit results

With dark matter (bb): Without dark matter:
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Cosmic-ray fit results

With dark matter (bb): Without dark matter:
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Sources of systematic uncertainties

Dependence on the antiproton
Cross section:

~24
10

presoTenat: = Antiproton cross sections

] 1=3¢ di Mauro

= 1-30Kachelriess | [Tan, Ng 1983; di Mauro, Donato,

Goudelis, Serpico 2014; Kachelriess,
Moskalenko, Ostapchenko 2015]

» Solar modulation

= Systematic uncertainties:
Correlations in AMS data
Y A not published

10 1 B

10
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ll. Implications for

dark matter models




Implications for other annihilation channels

500 Antiproton spectra, xx — SM SM

hh (130 GeV) ..
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[Cuoco, JH, Korsmeier, Kramer 1704.08258]
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Joint fit with Fermi-LAT gamma-ray data

= Limits from dwarfs galaxies N —
Used public likelihoods [Fermi-LAT 2017] 7 1-30 GCE

1 1-30cCR
1 1-30 CR+GCE

= Dark matter interpretation of e oW _
Galactic center excess (GCE) : ;

- Used spectrum and covariance matrix
from [Calore, Cholis,Weniger 2015]
- J-factor from [Cuoco, Einteneuer, JH,
Kramer, 2016] log(J/GeV?cm™?) = 53.5440.43
- Local DM density [Salucci, Nesti, Gentile,
Martins, 2010] peo = 0.43 £0.15

1 1-30 GCE
o L : [ 1-30 CR
individual fits joint fit - [ 1-30 CR+GCE

Channel X%R XéCE X%R XéCE B 1-30 GCE+CR+DW
qq 50.3 20.8 | 520 31.6
bb 45.8 21.2 | 479 235

WW® | 504 256 | 54.6 25.6

Z7Z®) | 456  25.0 | 458 25.9
hh 476 258 | 484 25.8
tt 59.5  41.1 | 59.5 41.1

mpwm [GGV]
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Joint fit with Fermi-LAT gamma-ray data

= Limits from dwarfs galaxies N —
Used public likelihoods [Fermi-LAT 2017] 7 1-30 GCE

1 1-30cCR
1 1-30 CR+GCE

= Dark matter interpretation of o e oW _
Galactic center excess (GCE) : ;

- Used spectrum and covariance matrix
from [Calore, Cholis,Weniger 2015]

- J-factor from [Cuoco Einteneuer, JH,
Kramer, = -

- Local D Compatlble W|th GCEand dwarfs

Martlns

R o — 1 1-30 CR
individual fits . 1 1-36 CR+GCE

2 2 [ 1-30 GCE+CR+DW
channel | Xer  XGcrp

gg 50.3 20.8
b | 45.8 212
[ WW® | 504 25.6
| Z20 | 456  25.0

hho | 476 25.8

tt | 595  41.1

mpwm [GGV]
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Implications for realistic models

= What does that imply for a full model?
= Consider general Higgs Portal model:

Relative weight of channels

-24
10

Joint fit

1 1-30 GCE

1 1-30CR

1 1-30 CR+GCE

EE 1-30 GCE+CR+DW

Higgs portal

mpwmM [GeV]

— Points to dark matter masses of around 60 GeV = mp/2!
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Implications for realistic models

= Consider singlet scalar Higgs Portal model:

» Include constraints from
LHC, direct detection, relic density

= Well fitted for in Higgs funnel mpm = mn/2

B R I R, | Fit prefers larger local
Lo — 1 DM density (somewhat

0.5F

- oof R KN . smaller J-factor) than

= 0.5 i i el a ] . o ‘ .
= —-1.0}F " 1 t T PR e n0m|na| values

—-1.5F

e T 1 (o 21 e o] = PO = 0.43 £ 0.15
of s Y Bl b | 48 | log(J/GeVZem™®) = 53.54+0.43

0.4
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0'2 | | 1 | | 1 | 1

S 6 .8 6 8 > > & > a 5. 58 5O

¢ @@ A
m[GeV] log(&}/&}rwm )
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Conclusions

= With AMS-02 cosmic-ray precision era started

= Reduce uncertainties w.r.t. MIN/MED/MAX scenario:
= Joint fit of propagation parameters and dark matter

= Feature in antiprotons: Possible hint for dark matter

= Systematic uncertainties:

= Antiproton cross sections
= Solar modulation
s Correlations in AMS data

= |mplications for dark matter models:
= Compatible with GCE and dwarfs for several channels

= Slight preference for larger local density
= Joint fit in minimal Higgs Portal model
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Backup



e 1-30no DM
B 1-30 bb DM
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[Cuoco, Kramer, Korsmeier, 201 7]
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X2-computation for the GCE

= Take measured spectrum d; and covariance matrix 2 ;
from [Calore, Cholis,Weniger: 1409.0042]

= Additional uncertainty on the theoretical prediction
of the spectrum 2@] — Z’L] -+ 27,35@]?5@20? , Ot = 10% [Achterberg et al. 1502.05703]

= [ arge theoretical uncertainties on DM distribution in galaxy:

[Cuoco, Einteneuer, JH, Kramer,2016]

= Take NFWc profile 1.2 — T

40° x 40° Lognormal(x; u, o)

= Vary around best fit parameters with MC .

A

[from Calore, Cholis, Weniger: 1409.0042] S
= Distribution for J-factor

= Determine o0¢ for ¢ = ln(j/jnom)

= Compute X2




